Background: The reported prevalence of infertility in Pakistan is 21% of which 35% is contributed by male factor. Male infertility has multifactorial etiologies ranging from modifiable to genetic risk factors. Among all the risk factors that may account for male infertility, obesity is one of the emerging public health problems. Therefore, the aim of the study was to determine the association of obesity with infertility in Pakistani men. Methods: We conducted a case control study. Cases were men with impaired semen parameters and controls did not have impaired semen parameters. Results: The final multivariable logistic regression model after adjusting for the effect of other variables revealed that with every 1 kg/m 2 increase in BMI the odds of being infertile was 6% higher as compared to being fertile (aOR = 1.06; 95% CI = 1.01, 1.11). Moreover the odds of having education of higher secondary or above was 3 times greater among cases as compared with the controls (OR = 3.10; 95% CI = 1.66, 5.77). Furthermore the odds of having previous medical conditions increasing the risk of infertility was higher among cases as compared with the controls (OR = 3.07; 95% CI = 1.63, 5.79). Conclusion & recommendations: This study indicates that obesity is an important risk factor for male infertility. Moreover our findings also indicate that higher educational status and previous medical conditions are also associated with male infertility. Thus awareness can be raised through treating physicians and public health messages.
Introduction
Infertility affects between 60 to 168 million people worldwide and majority of those suffering live in the devel-
Methods
We conducted a case control study and after taking a written informed consent from the study participants, both the cases and controls were enrolled from Australian Concept Infertility Medical Centre (ACIMC) Karachi, Pakistan from January to March 2013 as shown in Figure 1 . The rationale behind the selection of this study center was that ACIMC is the only Centre in Karachi having maximum load of infertile couples seeking infertility treatment as compared to the other infertility centers. The additional benefit of selecting this center was the representation of different ethnic and socio-economic groups, as infertile couples were referred here from the 7 sub branches of the center located in different provinces of Pakistan.
We required a minimum sample size of 200 cases and 200 controls (ratio of case to control of 1:1) in order to achieve 80% power, with an anticipated prevalence of risk factors among the controls ranging from 7% to 63% [18] - [23] , with an expected odds ratio of 2.5 or more [11] [25] and a level of significance of 5%. We were successful in achieving the target and the final sample size for the analysis of 201 cases and 200 controls.
The case and control status of study participants in our study was based on the semen parameters according to (WHO criteria "92") i.e. sperm concentration of >20 million/ml, semen volume of >2 ml, motility of >50% and morphology of >30% normal forms [26] . Cases were men with impaired semen parameters and controls did not have impaired semen parameters. A screening tool was administered by the data collectors to identify the eligible subjects after the semen analysis was performed. The inclusion criteria for both the cases and controls were; 18 -55 years old married Pakistani men, residing in Pakistan for at least the last 6 months or more at the time of interview, who had given the semen sample at the centre for laboratory examination and who consented to participate in the study. The exclusion criteria for both the cases and controls were; history of chemotherapy or radiotherapy: as sperm DNA damage occurs following even a single dose of these drugs [27] , h/o pelvic surgery: as it blocks the internal sphincter of the bladder neck causing closure defect resulting in retrograde ejaculation [28] , h/o inguinal herniorapphy: as it obstructs the vasdeferens and causes testicular atrophy as a result of impaired blood supply to the testis [29] , h/o orchitic mumps: as it impairs the testicular function thereby causing impairment of the semen parameters [29] and family history of infertility: as a probability that the genetic cause for infertility would not be overruled. To avoid contamination of the results, an additional exclusion criterion for controls was men with the history of previous infertility treatment. Once a patient was eligible to participate in the study a pretested structured questionnaire adapted and modified with the consent of the author [18] & bodily measurement tools that is (height scale, weight scale, standard measuring tape and bioelectrical impedance analyser (for assessment of percent body fat)) were used to collect the information on the potential risk factors for impaired semen parameters.
The data was collected on the sociodemographic factors, obesity status, occupational exposures, tobacco usage, alcohol usage, and previous medical conditions such as scrotal/testicular trauma, varicocele, genitourinary infection, and prolonged fever of more than 38.5˚C for consecutive 14 days in the past 3 months, usage of the medicines such as anti-depressants, antipsychotics, anti-hypertensive and diuretics.
Obesity status of the participants was ascertained by measuring their BMI, waist circumference and percentage body fat. BMI of the participants was assessed in kg/m² according to Asian cut off; 18 -22.9 kg/m² for normal weight, 23 -24.9 kg/m² for overweight & ≥ 25 kg/m² for obesity [7] [30] . Waist circumference of the participants was assessed in centimeters (cm) according to Asian cut off; <90 cms for (average to moderate risk) and ≥90 cms for (moderate to severe risk) [7] [30] . Percentage body fat was measured as a continuous variable as it has no specified cut offs [31] . The duration of occupational exposures was assessed (in hours/day) with a cutoff of more than 2 hours/day versus ≤2 hours/day [32] .
We performed analysis using Statistical Package for the Social Sciences (SPSS), version 19.0 & STATA version 12. Descriptive statistics were computed for categorical variables by computing their frequencies and the distribution of quantitative variables was computed by their means and standard deviations. Odds ratio (ORs) with their 95% confidence intervals (CIs) were reported using simple and multiple logistic regression.
All ethical considerations were taken into account. Firstly we obtained approval of the study protocol from Aga Khan University (AKU) ethical review committee (ERC). Permission was also gained from the study center Australian Concept Medical Infertility Centre (ACIMC) Karachi. Before any semen analysis, study was explained to the patients and their consent was obtained for participating as cases or controls. After the completion of the interview the data collector provided each and every participant with an informational brochure about the preventive measures for the possible risk factors for male infertility. For a better understanding of the participants the brochures were translated in Urdu. We reassured complete confidentiality to the study participants. The data was only accessible to the researchers and the responses were reported in group form and no individual case was identified. Table 1 presents the sociodemographic factors of the study participants. The mean age of the study subjects was similar in both the groups. Eleven per cent (11%) of cases and 20% of controls never went to school, while more than half (55.7%) of the cases and about one third (35.5%) of the controls had education of higher secondary or above. A higher monthly income of >25,000PKR (>$251.5) was reported more by the cases (48.6%) than controls (32%).
Results

Description of the Study Participants
The obesity status of the participants was assessed by measuring their BMI, waist circumference and percentage body fat as presented in Table 2 . The mean BMI was higher in cases 26.45 kg/m 2 (SD 5.33) than controls 24.65 kg/m2 (SD 4.39). Similarly cases as compared to the controls had a higher mean waist circumference and a higher mean percentage body fat. Table 3 presents the risk exposures such as occupational factors, previous medical conditions increasing the Table 1 . Sociodemographic characteristics of the study subjects. risk of male infertility and use of addictive. Over all, these medical conditions were reported by 20% cases and 8.5% controls. Of these, testicular trauma (20% vs 0%), varicocele (30% vs 17.6%), genitourinary infections (27.5% vs 11.7%), high grade fever (10% vs 5.8%), were commonly reported. Forty four percent (44%) of cases took infertility treatment in the past which included homeopathic treatment (7.5%), hakeemi (17.4%) and allopathic (36.3%). In both groups the use of medication included antihypertensive, antidepressants, antipsychotics and diuretics. Seventy nine percent of cases and 86% of controls mentioned being exposed to prolonged sitting, metals, fumes, pesticides, chemicals and heat. Furthermore tobacco usage in cases was reported by 36.8% as compared to 50% of controls. The proportion of participants with alcohol intake in both the groups were very few that is why it could not be analysed further. We also assessed the semen parameters (concentration, count, motility & morphology). As this was not the primary objective of our study hence we assessed these parameters on a subsample of 154 (77%) infertile men enrolled in the study. Most commonly observed abnormalities were impairment in sperm motility (73.4%), count (65.5%), morphology (51.3%) and consistency (5.8%) as presented in Table 4 (a). Common combination of abnormalities i.e. impaired count, motility & morphology was observed in (27.9%) of subjects and impaired count & motility in (13.0%) of cases as presented in Table 4 (b).
Univariate Analysis
On univariate analysis as presented in Table 5 we observed that cases had a higher mean BMI in kg/m² (OR = 1.08; 95% CI = 1.04 -1.13), a higher mean waist circumference in cm (OR = 1.03; 95% CI = 1.01-1.05) and a higher mean percentage body fat (OR = 1.04; 95% CI = 1.02 -1.07) as compared to controls.
The odds of having an educational status of higher secondary or above was 3 times greater among cases as compared to the controls (OR = 3.23; 95% CI = 1.78 -5.82). Furthermore the odds of having previous medical conditions increasing the risk of infertility was higher among cases as compared to the controls (OR = 2.67; 95% CI = 1.46 -4.90).
Occupational exposures, monthly income & tobacco usage were also associated with male infertility at P value ≤ 0.2 and were included in the multivariable analysis. Table 6 presents the final logistic regression model which includes: mean BMI in (kg/m²), educational status of the subjects & previous medical conditions increasing the risk of male infertility. It was observed that after adjusting for the other covariates with every 1 kg/m² increase in BMI the odds of being a case was 6% higher as compared to being a control (aOR = 1.06; 95% CI = 1.01, 1.11). The odds of having an educational status of higher secondary or above was 3 times greater among cases as compared to the controls (OR = 3.10; 95% CI = 1.66, 5.77). Furthermore the odds of having previous medical conditions increasing the risk of infertility was higher among cases as compared to the controls (OR = 3.07; 95% CI = 1.63, 5.79). There was no interaction and confounding found in the model. The Pearson goodness of fit test for the final model was (χ 2 = 329.44, p = 0.52). 
Multivariable Analysis
Discussion
The typical profile of an infertile male presenting to ACIMC was of "an educated, obese person, with history of a medical condition exposing him to the risk of developing infertility".
Obesity is one of the emerging public health problems [7] . The prevalence of obesity is increasing at an alarming level in both developed and developing countries [8] . It is known to have detrimental effects on health risks such as hypertension, cardiac disorders, diabetes and other chronic disorders [7] . But unfortunately the interest in the detrimental effects of obesity on reproductive functions is very recent [11] . Our results support the adverse effect of obesity on semen parameters which is consistent with the findings from other studies [4] [10] [12]- [17] .
Moreover in obese men, it is the aromatization in fatty tissues that increases the estrogen levels leading to hypoandrogenemia and altered semen parameters [33] and it is for this reason why percentage body weight is an ideal parameter to assess deposition of fatty tissue to ascertain obesity. But unfortunately this method of measurement has often not been used because of the complexity of the procedure and the cost of the device bioelectrical impedance analyser (BIA). In our study we were fortunate enough to be able to measure the percentage body fat by the device BIA along with the BMI and waist circumference. All these methods of assessing obesity showed significant association of obesity with male infertility. However, for our final model for multivariable analysis we chose BMI as an indicator for obesity over percentage body fat, because measuring BMI is convenient in a developing country's setting and can easily be determined at a larger scale by public health personnel [34] .
Moreover literature suggests that obesity is often associated with decreased physical activity [13] . This causes fat deposition not only in the abdominal area and thighs but also in the scrotal area resulting in elevated testicular temperature and disrupting the semen parameters [13] [15] . We assume that in our study cases having a higher educational status and a higher BMI as compared to the controls, may be involved in occupations predisposing them to decreased physical activity which may have further contributed to impairment in the semen parameters.
Furthermore, certain medical conditions such as testicular injury, varicocele, genitourinary infections, constant temperature of >38.5 degree centigrade for 10 -14 days, and use of medications can expose men to higher risk of infertility [21] [35]- [38] . In our study sample 20 percent of cases as opposed to 8.5% of controls had such conditions. The association between these conditions and infertility was statistically significant in our study which was consistent with the findings from other studies too [15] [39] [40] .
In our study sample, majority of the cases had a higher educational status whereas majority of the controls comparatively had a lower educational status. Evidence from USA too suggests that men seeking infertility treatment compared to those not seeking infertility treatment had a higher educational status of college or above (OR = 2.7, 95% CI = 1.4 -5.0) [34] . In a patriarchal society like ours, women is held responsible for child bearing and bears the burden of being infertile irrespective of who is responsible for the condition and the work up of an infertile couple is primarily focused on the female's condition [2] [4] . We believe that in our study sample the higher educational status among the cases made them more aware to accept their condition and seek the treatment. In our study sample, controls that were less educated may have been aware of the infertile status of their wives and felt no stigma for being investigated. Unfortunately we did not ask regarding the fertility status of female partners and the type of infertility for which the couple was being investigated i.e. primary or secondary.
Our study revealed an insignificant association between high risk occupational exposures and male infertility; this could be due to the fact that very few of our study subjects were in jobs exposing them to metals, fumes, chemicals and pesticides. However, there is inconsistency of data regarding these exposures in relation to male infertility hence suggesting further exploration of these factors [18] 
Strengths
There were several strengths of our study. Firstly recruitment of participants was based on the semen analysis report which was a robust method of evaluation, leading to a decreased chance of misclassification of the outcome status of the participants.
Secondly we ascertained obesity by various measures such as BMI, waist circumference and percentage body fat, which again reduced the chances of misclassification of the exposure status of the participants.
Although we collected our study sample from an urban clinic so we missed information on certain known exposures such chemicals, pesticides etc. but we believe that the results could be generalized to the urban populations.
Limitations
The limitations of our study were: There were insufficient responses regarding certain occupational exposure and addictives. We believe that this was due to self-reported information given by the participants that must have predisposed them to recall limitation and reporting bias. Therefore, in future studies rigorous methodology should be used to assess this risk factor.
Secondly we could not evaluate chromosomal factors due to economic constraints. We recommend that future research should focus on the exploration of genetic factors in association with male infertility as the treatment of infertility by artificial reproductive techniques (ART) is very expensive, and the success rates reported by European Society of Human Reproduction and Embryology (ESHRE) in 2005, for in vitro fertilization (IVF) was 30.3%, Intracytoplasmic sperm injection (ICSI) was 30.9% and Intrauterine insemination (IUI) was 12.6% [46] [47] .
Genetic defects in sperms such as aneuploidy, mutations, structural variations and DNA fragmentation are commonly found in men with impaired semen parameters. This increases the failure rate of the treatment by artificial reproductive techniques (ART) [48] . The ascertainment of genetic factors during the course of treatment by ART is not a common practice, thereby increasing the chances of failure of this expensive treatment. Therefore this signifies the importance of exploration of this factor during the course of treatment of infertility.
Conclusions and Recommendations
This study indicates that obesity, an emerging public health problem, is an important risk factor for male infertility. It not only increases the risk of hypertension, cardiac disorders, diabetes and other chronic disorders, but also contributes to causing infertility in men. Moreover, our findings also indicated that higher educational status and previous medical conditions were also associated with male infertility.
Therefore, at policy level we recommend that health professionals should be educated about the modifiable risk factors associated with male infertility. Males with previous medical conditions as well as men in general should be made aware of being extra cautious for monitoring their body weight by increasing their physical activities. This may help in the restoration of the natural fertility with minimal expenses thereby reducing the economic and psychological burden on the society.
Furthermore, genetic abnormalities in sperms increase the failure rates of treatment by ART, hence this indicates a desperate need of exploration of these factors.
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